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Abstract

Introduction

Chronic coronary syndrome is predominantly related to the atherosclerotic obstruction of the

coronary artery or arteries. However, this phenomenon is not the only causative factor in this

disease. It is usually forgotten, that there is a possibility of ischemia of the cardiac muscle

with no obstruction found in the main vessel. The trigger of such pathology might be

underlying in the microcirculatory system and the inappropriate dilation or constriction of

those small vessels, which results in insufficient blood supply to the cardiomyocytes,

similarly to the typical obstructive coronary artery disease. In this article we are willing to

show that such dysfunction poses a great danger to the health and life and therefore we should

be able to properly diagnose and treat it.

Purpose of the work

The aim of this review of up-to-date literature is to raise awareness among both doctors and

patients about the phenomenon of coronary artery disease but with no significant obstruction

in the vessels supplying the cardiac muscle. The common cause of such condition is coronary

microvascular dysfunction, that leads to a disease called microvascular angina. Our purpose

was to reveal, how dangerous to the health of the patients this could be and therefore how

essential it is to provide a proper diagnose and management. In addition, we have noticed a

need for a summary of what has already been discovered on this topic, available therapeutic

methods and future perspectives.

Materials and methods

The search of English and Polish language literature up to December 2023 has been done

using the PubMed database, Google Scholar database and several international guidelines.

The search regarded the topics of microvascular angina, coronary microvascular dysfunction,

cardiac syndrome X and chronic coronary syndrome.

https://orcid.org/0009-0003-3538-8631
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Summary

Microvascular angina, like any chronic coronary syndrome, means a chest pain developed

when the cardiac muscle is insufficiently supplied with blood, although in this case the

symptoms usually occur untypically, since there is no obstruction in the main epicardial

arteries. The pathology arises in the smallest of vessels: arterioles, capillaries and venules.

They might be minuscule, but they play a crucial role in the distribution of local blood flow

and an exchange between cardiomyocytes and red blood cells or plasma. We must be aware of

that and stop underestimating the implications that it brings. The diagnosis of the impaired

microcirculation is challenging but not impossible. There still a lot to develop in this field, we

especially should keep seeking new methods of targeted treatment for this condition. Doctors

must be able to properly care about their patients suffering from microvascular angina. It is

essential to stratify their cardiovascular risk, propose different therapeutic strategies, since the

treatment may frequently be fruitless, and to monitor their mental health.

Keywords

‘microvascular angina’; ‘coronary microvascular dysfunction’; ‘cardiac syndrome X’;

‘microcirculation’; ‘chronic coronary syndrome’

1. Introduction

Heart disease and cancer are nowadays known to be the main causes of mortality and

morbidity. Heart diseases are the leading culprit of death in the majority of populations

throughout the world, with coronary artery disease (CAD) as its most common type[1]. CAD

means a disease affecting coronary (epicardial) arteries supplying the cardiac muscle,

therefore this condition leads to the insufficient delivery of oxygen or nutrients to

cardiomyocytes resulting in ischemia, predominantly manifested as a chest pain, discomfort,

which is called ‘angina’. The most common root of the process affecting epicardial arteries is

an atherosclerotic disease causing an obstruction of the vessel – obstructive CAD (OCAD).

This is the type of the disease that most patients know, heard about and the most scientists are

focusing on in their researches. However, the CAD might be also due to a non-obstructive or

minimally obstructive disease of the vessels. CAD can be present as an acute form (acute

coronary syndrome, ACS) or chronic (chronic coronary syndrome, CCS)[4] which was
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described as a stable angina (pectoris) or a stable ischemic heart disease (IHD) in the past. In

this article we have focused on a type of CCS, which is considered as special due to lack of a

significant obstruction in any of the coronary arteries – nonobstructive CAD. There are

different factors proven as the culprit of this phenomenon, by and large this could be a

consequence of a coronary microvascular dysfunction (CMD) or a vasospasm. For the

majority of patients and physicians, a typical CCS is manifested with chest pain related to

physical activity and as a main trigger of this condition, atherosclerotic obstruction of an

epicardial artery or arteries is believed. It is correct in most of the cases, but there is another

group of individuals developing such angina, which also results in myocardial ischemia, but

the main cause of this condition is different, hence the nonobstructive CAD is frequently

underdiagnosed or mistreated. We have noticed the challenges and the struggle that the

diagnosis and management could cause, for that reason we have decided to provide this

review of an up-to-date literature focused on CCS caused by CMD, for the sake of a better

understanding of this condition and consequently an improvement in a process of patient care.

2. Materials and methods

This is a narrative type of review, no statistical calculations were performed. The search of

independent English and Polish language literature has been done using the PubMed database,

Google Scholar database, international guidelines provided by the European Society of

Cardiology (ESC), American Heart Association (AHA), British Cardiovascular Society (BCS)

and the statistics published by the Centers for Disease Control and Prevention (CDC). We

used a query containing the keywords related to our topic: ‘microvascular angina’, ‘coronary

microvascular dysfunction’, ‘cardiac syndrome X’, ‘microcirculation’ or ‘chronic coronary

syndrome’.

3. Results

The selective search retrieved 72 records. After review of the abstracts and full texts, 34

articles were included in the analysis. The reason why we have rejected this number of

articles was in most of the cases focus on microcirculatory dysfunction but secondary to other

cardiovascular diseases, like hypertension or diabetes. In our review we were willing to

provide up-to-date information on primary CMD of unknown triggering factor. We have also

noticed a need to gather the most recent guidelines on the topic of microvascular angina

(MVA) in this article.
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4. Discussion

4.1.Definition

MVA, a condition formerly known as a ‘cardiac syndrome X’ is defined as a CCS with no

evidence of obstruction or no significant obstruction (meaning a presence of obstruction but

not greater than 50% of the arterial diameter[2, 3]) in any of the vessels supplying the cardiac

muscle, the main cause of chest pain in MVA is developed due to CMD, hence MVA belongs

to a special subtype of CAD – Ischemia with Nonobstructive Coronary Arteries (INOCA)[2],

together with vasospastic angina (VSA). The microcirculation, which consists of small vessels

– arterioles, capillaries and venules – with diameters not greater than 150 µm[10], or

according to other sources not greater than approximately 300 µm[32], although a better

criterium for this definition is their physiological response (meaning a constriction of their

lumen) to the blood pressure increase, is liable for the regulation of blood flow, pertinently to

the current demands of the supplied organ[9]. The main topic of interests of this review is

only one but very important part of the microcirculation – the vessels regulating the flow to

the cardiac muscle. These small vessels and their thin walls formed predominantly by

endothelial cells (EC) enable the transport of oxygen from red blood cells (RBC), hormones

and nutrients from plasma to cardiomyocytes. EC in response to fluctuations of blood

pressure are able to deliver various mediators locally, causing either constriction or dilation of

smooth muscle cells located in the walls of arterioles and therefore EC play the most

important role in the regulation of local microcirculatory blood flow and exchange of oxygen

and metabolites, they additionally take part in maintain the balance between thrombogenesis

and fibrinolysis. The pathology of regulation of coronary blood supply might be due to the

dysfunction of the release of the mediators by the EC, which results in a disturbed constriction

and relaxation of smooth muscle cells and therefore arteriolar dysregulation, to the

remodelling of microvessels which later causes impaired microcirculatory conductance or

both of these mechanisms simultaneously, that is why it has been challenging for researchers

around the world, to detect and properly understand them, although over the recent years a

huge progress of the scientific knowledge about this phenomenon has been made. When such

dysfunction occurs, it is the reason of insufficient blood flow and oxygen delivery to

cardiomyocytes, hence it leads to the ischemia of the cardiac muscle. In addition, CMD is a

first part of the atherosclerotic process[33] and also poses a higher risk of developing

cardiovascular events. It is observed not only in MVA, but also in several other cardiac
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diseases, such as: heart failure with preserved ejection fraction, reperfusion injury after

ischemia or hypertrophic cardiomyopathy[12].

4.2.Epidemiology

MVA occurs more frequently in female than male[4, 6, 11, 27]. This phenomenon was proven

in many international studies, although the reasons for the gender differences are still unclear.

Even half of the women manifesting angina suffer from CMD[29]. An analysis performed on

the first patients enrolled to the Coronary Microvascular Disease Registry in the USA

revealed similar conclusions[27]. In addition, the characteristics of population that suffered

from MVA in their study showed that they tended to have a lower BMI than the subjects

without CMD. Approximately 82% of participants, who were diagnosed with CMD, suffered

from hypertension, 77% from hyperlipidaemia. The mean age was 62,4 years old. The

patients were most commonly African American and Caucasian.

Recently, especially in the context of a global pandemic of COVID-19, there have been

ongoing discussions on the impact of mental stress on multiple organ systems in the human

body, including cardiovascular system, with a focus on endothelial dysfunction and vascular

inflammation[34]. Decades ago, several studies with monkeys have revealed that in the group

exposed to psychosocial, chronic stress, the endothelium-dependent vasodilation was

impaired[35]. This is one of the mechanisms in which CMD occurs among people suffering

from angina. More alternative trials are necessary to be conducted on this topic, nevertheless

we can suspect that an exposure to stress may be a risk factor for developing MVA.

Diagnosis of CMD is related to a poor prognosis, to the higher risk of MI or death and a

worse or incomplete response to the pharmacotherapy for CAD. A comparative study aiming

at better diagnosis and understanding of IHD among women conducted by the National Heart,

Lung and Blood Institute – sponsored WISE (Women's Ischemia Syndrome Evaluation)[30]

showed that among women with suspected ischemia, enrolled to the study population, CMD

diagnosed as coronary microvascular reactivity in a response to intracoronary adenosine (in a

stenosis-free area) equalled more frequent major adverse outcomes, meaning: death,

myocardial infarction (MI), stroke, hospitalization for chronic heart failure, after years of

observation (the mean observation time was 5,4 years).
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4.3.Clinical manifestation

Patients undergoing MVA present mostly chest pain, which is also the leading symptom

among the patients with OCAD. However, angina pectoris in individuals with MVA occurs in

relation to exercise or also at rest or in association with exposure to cold temperature or under

stress, which is different from a typical symptom of CCS. Patients with OCAD develop

exercise – related chest pain which is relieved at rest or after sublingual administration of

nitrates[4]. Angina caused by CMD often occurs not only during exercise but also in a post-

exercise period[28] and the relief after nitrates is not as visible as it is among individuals

suffering from OCAD. This is the main reason why MVA is so frequently underdiagnosed and

not treated properly.

4.4.Diagnosis and its obstacles

Any patient presenting angina pectoris should be referred to a coronary angiography, to detect

life-threatening obstructions in epicardial arteries. However, among many of them, even up to

70% of such patients, according to a recent Expert Consensus Document published by the

European Association of Percutaneous Coronary Interventions (EAPCI)[13] , no clinically

significant obstruction can be found. The results of one American study were similar. Only

approximately one third of the patients who manifested CAD symptoms and later underwent

coronary angiography were diagnosed with OCAD. Therefore the researchers have noticed a

need for new better strategies of risk stratifications and diagnostic methods for such

individuals[25]. Majority of subjects with no significant obstruction in epicardial arteries may

suffer from INOCA but their diagnostic process often ends at the standard stage – coronary

angiography, with a non-cardiac cause of their symptoms taken for granted. That is a

misdiagnose and therefore poses a threat to the health and life to the patients.

The results of the CorMicATrial (British Heart Foundation Coronary Microvascular

Angina)[14] published in 2018 have proven that coronary angiography may only provide the

diagnosis of OCAD and selection of patients undergoing angina with no significant

obstruction is crucial because such individuals are most likely to suffer from vasospastic

angina or MVA, the conditions that cannot be diagnosed as easily as OCAD. In this trial, the

researchers have chosen individuals with no significant obstruction according to angiography

results and later divided those people into an intervention group, which consisted of 76

subjects who later underwent comprehensive, graded diagnostic procedure – invasive

assessment of coronary flow reserve (CFR), index of microcirculatory resistance (IMR),
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fractional flow reserve (FFR) and a vasoreactivity testing with acetylcholine, followed by

appropriate to the discovered condition pharmacotherapy and life-style changes, and a control

group, which consisted of 75 subjects and who only received standard diagnostic procedure –

coronary angiography. The results after a time period of 6 months have showed an

improvement in both: angina severity (measured with thanks to the Seattle Angina

Questionnaire summary score) and quality of life (measured by EQ-5D index and visual

analogue score) in the intervention group comparing to the control group. Lack of OCAD

cannot be equal to a non-cardiac cause of angina.

To diagnose MVA, more than a standard coronary angiography is required, according to the

most recent ESC guidelines, released in 2019[4], that we nowadays follow. After exclusion of

OCAD in angiography, it is essential to consider the possibility of non-obstructive CAD,

especially if the patients present the above mentioned symptoms and have documented signs

of ischaemia in non-invasive functional tests, predominantly in electrocardiography (ECG) or

echocardiography. The tests enabling to discover MVA include: measuring IMR (in the

catheterization laboratory by intracoronary thermodilution or Doppler flow velocity) and

measuring CFR (non-invasively with transthoracic Doppler echocardiography, magnetic

resonance imaging (MRI) or positron emission tomography (PET) or invasively by the same

methods as while measuring IMR), the measurements usually require intravenous

administration of vasodilators, most commonly adenosine is used. If IMR ≥25 or CFR <2.0 is

measured, MVA in a mechanism called ‘impaired microcirculatory conductance’ can be

diagnosed, which means that CFR is limited and the vasodilation in microcirculation is

impaired. MVA could also be developed in a different mechanism called ‘arteriolar

dysregulation’ and is related to enhanced vasoconstriction. This pathology might be

discovered in an invasive test, after administration of acetylcholine directly to the coronary

vessels, during angiography. In individuals undergoing arteriolar dysfunction, acetylcholine is

most likely to cause vasoconstriction and therefore clinical symptoms of angina and

ischaemic changes in ECG. Detecting the mechanism of MVA is a crucial part of the

diagnosis, because further treatment and management is different, depending on the

mechanism of CMD. These are the standard and the only recommended methods to detect

MVA. However, they are invasive and may pose a danger to the health of some of the patients.

That is why, the search of new methods of discovery of this condition is held among the world.

The Coronary Vasomotion Disorders International Study Group (COVADIS)[3] presented

international standardized criteria for the diagnosis of this condition: symptoms of myocardial
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ischemia; absence of obstructive CAD; objective evidence of myocardial ischemia; evidence

of microvascular dysfunction.

A prospective study published in 2022 has showed, that in a selected group of 38 patients with

non-obstructive CAD, measuring haemodynamic indicators of arteriolar dysregulation non-

invasively enabled the detection of arteriolar dysregulation, which normally, according to the

2019 ESC guidelines, could only be assessed after administration of adenosine invasively to

the cardiac vessels[15]. The indicators were assessed by hyperventilation to induce vasospasm

(microvascular dysfunction), which was later followed by supine bicycle exercise test. During

these tests, stress echocardiography with Doppler measurements of coronary flow were made

and at the end of the tests, the response, which meant coronary flow velocity in distal left

anterior descending artery (LAD), was also measured thanks to transthoracic Doppler

echocardiography. An abnormal response to hyperventilation was defined as coronary flow

velocity ratio (stress vs. at rest) <1.0. The test with administration of adenosine was also done,

to estimate vasodilatation independent on endothelium. An abnormal response to this

substance was defined as coronary flow velocity reserve <2.0. More research on this topic is

required, nevertheless this result could be a promising alternative method, to make the

diagnosis of MVA with vasospastic component easier and more accessible to all of the

individuals suffering from non-obstructive CAD.

4.5.Treatment

The official recommendations on the treatment of MVA are similar to the available methods

for CCS treatment. However, up to 25% of patients suffering from MVA do not respond to

such management or do not satisfactorily respond, their symptoms are not entirely

relieved[16]. To this day, there is no high-quality, large study on the management of this

condition. Current guidelines on pharmacotherapy are dependent on the mechanism in which

CMD occurred. To present the most important differences, we have included a short summary

(Table 1.). One must not forget, that these pathologies might coexist, in such case the

therapeutic approach should be a mixture between the two strategies.
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Coronary Microvascular Dysfunction
Mechanism Impaired Microcirculatory

Conductance
Arteriolar dysregulation

Dysfunctional process Vasodilation (restricted) Vasoconstriction (enhanced)
Differential diagnosis CFR <2.0 or IMR ≥25 measured

invasively in the catheterization
laboratory, although CFR only
could be measured non-invasively

Positive testing after
intracoronary administration
of acetylcholine with ECG
monitoring, during
angiography

Treatment
recommended by the
ESC[4]

o BB
o ACE-I or ARB
o Statins
o Life-style changes

o CCB
o Long acting nitrates
o Life-style changes
o If necessary,

depending on

individual

cardiovascular risk

factors: ACE-I or

ARB, statins

Table 1. A brief summary of the mechanisms of CMD.

If the impaired microcirculatory conductance (limited CFR) was detected, but the result of the

test with acetylcholine was negative (the vasospastic component of CMD was not discovered),

treatment with beta-blockers (BB), angiotensin-converting enzyme inhibitors (ACE-I) or

receptor blockers (ARB) and statins is advised by the ESC[4], which is a conventional anti-

atherosclerotic therapy. The pharmacotherapy should be accompanied by appropriate life-style

changes, such as smoking cessation or physical activity. The effect of exercise training on

anginal pain was tested. The group suffering from angina in this study was characterized by

physical deconditioning and a lower threshold of pain, comparing to reference, healthy

subjects. Therefore, the scientists have advised a physical training as a part of therapeutic

process for angina[20]. Nebivolol, a highly selective BB that in addition stimulates the

production and the release of nitric oxide (NO) causing local vasodilation, was proven to

increase CFR significantly, thanks to the study published in 2007, in which the researchers

measured Doppler-flow wire derived coronary flow velocity first at rest, and then after the

intracoronary administration of nebivolol in a group of patients with CAD and in a control

group of subjects without CAD[18]. The study group presented lower values of CFR at rest

comparing to the healthy individuals. After nebivolol there was a significant increase in CFR

in both of the groups. Neglia et al.[24] have studied a group of 20 patients and animal models

(rats) with arterial hypertension. The researchers knew that this condition usually results in
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microcirculatory remodelling and therefore causes CMD. They investigated the impact that

the combination of drugs: perindopril (ACE-I) and indapamide (a thiazide-like diuretic) might

have on the process of such remodelling and coronary flow. The results after 6 months of

treatment indicated that in the patients the myocardial flow was improved and in rats the

researchers noticed that the improvement of coronary flow was due to a reverse remodelling

of the microvessels. This shows us the possible role of these substances in the treatment of

CMD. What the ESC guidelines did not include are ranolazine and phosphodiesterase type 5

(PDE-5) inhibitors. Ranolazine, the late sodium channel inhibitor, is worth to consider in the

management of the patients. There was a randomized, placebo-controlled trial published in

2011 that gathered women suffering from angina but with no evidence of OCAD. Women

were randomly selected to a group receiving ranolazine and a group on placebo. Mehta et al.

have proven that ranolazine helped to improve the symptoms of angina in the study group.

The improvement of symptoms was measured thanks to the Seattle Angina Questionnaire

score[19]. However, the evidence of the influence of this substance on individuals with CMD

are mixed, there is a need for more scientific research on this topic. PDE-5 inhibitors, such as

sildenafil, were tested in the management of women suffering from non-obstructive CAD as a

part of a multicenter study – WISE[21]. The study group included 23 women without OCAD

but presenting anginal pain, their CFR before the test was ≤3.0. The participants received

sildenafil and 45 minutes after the administration, CFR was measured. The results presented

an acute increase of CFR after PDE-5 inhibitor. However, further outcomes of such treatment

were not investigated. Calcium channel blockers (CCB) are not recommended in this

condition, for many years they have been known to have no impact on CFR. It was already

proven in a large clinical trial in the year 1995[17].

CCB are on the contrary strongly recommended in MVA with the vasospastic component

(normal CFR and a positive result of the test with acetylcholine). Treatment of this

mechanism of CMD is similar to the therapy methods for VSA[4], hence long acting nitrates

may be included together with CCB. Reducing the cardiovascular risk with statins and ACE-I

or ARB and life-style changes were also recommended. In the management of this condition

not only CCB are used, but also phosphodiesterase type 3 (PDE-3) inhibitors, such as

cilostazol. This substance is known to be included in the therapy for intermittent claudication,

but it has been proven to be beneficial for the patients suffering from VSA in several

studies[22, 23]. And if so, cilostazol could be considered in CMD triggered by arteriolar

dysfunction (enhanced vasoconstriction).
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A study on the effects of canagliflozin on coronary microvasculature, myocardial blood flow

and angiogenesis was conducted by Banerjee et al[26]. They used small (rat) and large

animals models (swine). Canagliflozin is a sodium-glucose cotransporter-2 (SGLT-2) inhibitor,

primarily used as a treatment for diabetes mellitus type 2. The researchers have come to the

results that the use of canagliflozin leads to an increase of myocardial blood flow

accompanied by no significant increase in proangiogenic signalling. In addition, SGLT-2

inhibitor caused an improvement in coronary microvascular vasodilation and a decrease in

vasoconstriction. These conclusions are very promising as maybe in the future this medication

could be used in patients with CMD, also non-diabetic. Nevertheless, more study on this topic

is necessary before canagliflozin could be registered as a part of a treatment for MVA.

4.6.Impact on the quality of life

It has already been proven in the recent decades, on the contrary to what had been believed

beforehand, that this disease, even though there is no obstruction in the main epicardial

arteries so at first such condition might seem not so dangerous, leads to MI with all of its

consequences, as well as to an increased risk of mortality of any cause compared to healthy

individuals, just like the typical OCAD[5, 6, 7]. In a Danish retrospective study[6], a study

group consisting of patients aged 20 years and more, who underwent coronary angiography

due to manifested symptoms of stable angina pectoris, was formed and it was additionally

divided into: patients with normal coronary arteries, with diffuse non-obstructive CAD and

with OCAD. As a reference group, patients without any symptoms of angina, randomly

selected to the Copenhagen City Heart Study[8], also aged 20 years or more, were chosen.

Individuals with prior cardiovascular disease or missing data were excluded from the study.

Both populations were later divided by the sex. The results of the observation after 7,5 years

have showed, that for both genders in the groups with normal coronary arteries and with non-

obstructive CAD there was a statistically significant increase in major cardiovascular events,

defined as: cardiovascular mortality, hospitalization for MI, heart failure or stroke, and an

increased risk of all-cause mortality, compared to a reference, asymptomatic group. Such

results, together with many other studies[30] that have been completed on this topic, show us

the threat that MVA poses to health and life of patients suffering from it and the importance of

providing a successful treatment of this condition.

Another part of the National Heart, Lung and Blood Institute – sponsored WISE study

compared the relationship between depression and its severity with cardiovascular risk factors,

survival and major adverse outcomes among 505 women presenting angina, enrolled to the
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WISE[31]. After the observation period, the researchers have come to the conclusions that the

individuals with elevated depression symptoms or a history of treatment for depression have a

higher risk of developing major cardiovascular events (MI or death). Severity of depression

could be an important predictor of an increased CAD risk profile. That is why the scientists

suggested the need to evaluate mental health of the patients who were diagnosed with CAD,

since depression seems to occur frequently in this group.

5. Conclusions

Diagnosis of CCS thus far equals OCAD in the thoughts of many patients and physicians.

One must never forget about the possibility of non-obstructive CAD, among which CMD is a

frequent causative factor. The diagnosis of MVA might seem untypical and complicated,

nevertheless it is a duty of a doctor to provide a search for evidence of this condition and if

detected, to ensure a proper treatment, according to the recent scientific data and guidelines. It

is necessary for individuals suffering from CMD, since such diagnosis means a higher risk of

death or MI and an impaired quality of life. The therapeutic methods that we have nowadays

are not enough, because many of the patients are not satisfied with the control of the

symptoms they achieve even with the appropriate pharmacotherapy, hence it is also essential

that we keep searching for new management methods.

Abbreviations and Acronyms

ACE-I angiotensin-converting enzyme inhibitors

ACS acute coronary syndrome

AHA American Heart Association

ARB receptor blockers

BB beta-blockers

BCS British Cardiovascular Society

CAD coronary artery disease

CCB Calcium channel blockers

CCS chronic coronary syndrome
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CDC Centers for Disease Control and Prevention

CFR coronary flow reserve

CMD coronary microvascular dysfunction

COVADIS Coronary Vasomotion Disorders International Study Group

EAPCI European Association of Percutaneous Coronary Interventions

EC endothelial cells

ECG electrocardiography

ESC European Society of Cardiology

FFR fractional flow reserve

IHD ischemic heart disease

IMR index of microcirculatory resistance

INOCA Ischemia with Nonobstructive Coronary Arteries

LAD left anterior descending artery

MI myocardial infarction

MRI magnetic resonance imaging

MVA microvascular angina

NO nitric oxide

OCADobstructive coronary artery disease

PDE-3 phosphodiesterase type 3

PDE-5 phosphodiesterase type 5

PET positron emission tomography

RBC red blood cells

SGLT-2 sodium-glucose cotransporter-2

VSA vasospastic angina
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